Abstract: Ibuprofen as a non-steroidal anti-inflammatory drug (NSAID) show a low and variable oral bioavailability in water solution due to low aqueous solubility and slow dissolution rate. Reducing ibuprofen particles size is an effective and widely used approach to speed up dissolution by enlarging the effective surface area. The ibuprofen nanoparticles are prepared by solvent/antisolvent method. The prepared nanodrug show the accelerate dissolution rate in water solvent. In comparison with raw drug, the chemical structure of nanosized ibuprofen show not change but the crystallinity is reduced to 300-400 nm. The decreasing of particles size ibuprofen is also due to an increase 2.33 times of dissolution in purified water in first 30 min.
INTRODUCTION
Ibuprofen is a widely prescribed non-steroidal agent with anti-inflammatory, analgesic and antipyretic properties used to treat rheumatoid arthritis, osteoarthritis and mild to moderate pain. It is also used to reduce fever and relieve headaches, muscle aches, backache and aches from cold [1] . In the pharmaceuticals industry, a large numbers of drugs are insoluble or poorly soluble in water and drugs sparingly soluble in water are quite often highly soluble in organic solvents [2] . The bioavailability (the percentage of the drug absorbed compared to its initial dosage) is limited by this insolubility [3] [4] [5] [6] . The drug must first be dissolved in order to be absorbed. Dissolution rate is a function of the surface area of the particles and solubility [7] . The surface area can be determined through the control of the particle size. Therefore, the bioavailability of the water insoluble drugs can be improved by reduction in their particle size (increase in surface area) [8] . In the pharmaceutical industry, also several conventional techniques have been utilized for particle size reduction such as crushing, grinding, milling, spray drying, freeze-drying. The disadvantages of using these conventional techniques are thermal and chemical degradation of products due to high temperatures, high energy requirements, much amounts of consumption solvent, solvent-disposal problems, solvent residues, and broad particle size distributions (PSDs) [9] [10] [11] . Rasenack et al. succeeded by mixing alcoholic solution of drugs with polymeric materials to control association and micronize the drugs down to a fraction of micrometer [12] . Ibuprofen shows poor dissolution behavior because of its hydrophobic nature [13] . However, a rapid drug release is preferable, *Address correspondence to this author at the Farabi Pharmaceutical Co., Isfahan, I. R. Iran; Tel: (+98 913) 126 7185; Fax: (+98 311) 6540272; E-mail: mansoury.mansour@gmail.com especially for analgesic drug. Reducing drug particles size is an effective and widely used approach to speed up dissolution by enlarging the effective surface area [14] . According to Noyes-Whitney equation, the dissolution rate is proportional to the surface area exposed to the dissolution medium [15] . So, the dissolution rate and the oral bioavailability of ibuprofen from these formulations differed widely, methods were time consuming and costly, and some formulations were bulky with poor flow characteristics and handling difficulties [16] [17] [18] .
MATERIALS AND METHODS

Materials
All chemicals used were analytical grade with the highest purity available without any purification. Ibuprofen [2-(4-isobutylphenyl)-propionic acid] which is a Non-steroidal anti-inflammatory drug (NSAID), was used as the solute. Ibuprofen is poorly soluble in water and readily soluble in most organic solvents were purchased from Dasan Medichem-South Korea. Sodium dodecyl sulfate (SDS or NaDS) (C 12 H 25 SO 4 Na), polyvinyl pyrolidone (PVP), sodium lauryl sulfate (SLS), tween 80 (Polysorbate 80), triethanolamine (TEA) were used as surfactant. Isopropyl alcohol (IPA), acetonitrile, methanol, ortho-phosphoric acid and other solvents were from Merck as grade of HPLC. Other chemicals are analytical grade. Purified water was prepared from water complying with the U.S environmental Protection Agency. The cationic and anionic acid resins were used to purified water and after several times, the conductivity fall down from 1050 ( s/cm) to 10 -15 ( s/cm). After that the media pass trough reverse osmosis (RO) membrane. The result was a purified water with at most 4.2 ( s/cm) conductivity and its total organic carbon must be meets the requirements. At this work, we used purified water with conductivity <1.0 μs/cm.
Preparation of Ibuprofen Nanoparticles
Ibuprofen nanoparticles were prepared by using solvent/antisolvent precipitation technique as an effective technology in preparation of nanodrugs. A certain amount of raw drug of ibuprofen was completely dissolved in water miscible solvent. At this work, the isopropyl alcohol is used as solvent.
According to USP, isopropyl alcohol is categorized in Class 3. Class 3 includes no solvent known as a human hazard at levels normally accepted in pharmaceuticals. However there are no long-term toxicity or carcinogenicity studies for many of the residual solvents in Class 3. The obtained drug solution was then injected into the water containing the surfactant of SDS and/or TEA as stabilizer under stirring at 3000 rpm. Precipitation of solid drug particles occurred immediately upon mixing. The suspension was centrifuged at 15,300 rpm for 20 min and washed twice with purified water. The precipitated nanoparticles were oven-dried at 35 o C for 24 h. The influence of other stabilizers such as polyvinyl pyrolidone (PVP), sodium lauryl sulfate (SLS) and tween 80 was also studied in the proposed procedure.
Nanoparticles Characterization
Particle Size Distribution (PSD)
The size of drug nanoparticles was measured immediately after precipitation by dynamic laser light scattering (Nanoparticle size analyzer, Malvern). Before analysis, the drug suspension was diluted by purified water to 0.2 mg/ml.
Infrared Spectroscopy (IR)
Shimadzu IR-470 spectrometer was used to record the IR spectrum of the ibuprofen nanoparticles from 400 to 4000 cm 1 . The sample was grounded with KBr and pressed to a suitable size disk for measurement.
Differential Scanning Calorimetry (DSC)
Differential scanning calorimetry (DSC) was conducted on DSC 131 SETARAM. The samples were equilibrated at 20 o C for 30 min. Indium standard was used to calibrate the DSC temperature and enthalpy scale. The powder samples were hermetically sealed in aluminum pans and heated at a constant rate of 3 o C/min, over a temperature range of 20-170 o C. Inert atmosphere was maintained by purging nitrogen at the flow rate of 15.8 ml/min, linear velocity 35 cm/sec and pressure 24.7 kPa.
Scanning Electron Microscopy (SEM)
The surface morphologies of the ibuprofen nanoparticles were observed by scanning electron microscopy (SEM -AIS -2100) with an accelerating voltage of approximate 1.5-20 kV. Gold coating was performed to prevent charge-up of sample.
Nano-Ibuprofen Assay
50 ml of methanol with concentration of 450 mg of nanoibuprofen at presence of 0.4 ml phenolphthalein solution was titrated with 0.1 M sodium hydroxide until a red color obtained. Then carry out a blank titration. Each ml of 0.1 M sodium hydroxide is equivalent to 20.63 mg of C 13 H 18 O 2 [19] .
Dissolution Test
The dissolution profiles of ibuprofen were investigated with a dissolution apparatus (Pharmatest dissolution tester), according to a type II paddle method (USP 32), with the rotation speed of paddle was set on 100 rpm and the bath temperature was kept at 37.0 ± 0.5 o C. 100 milligrams of drug powder was put into the vessel containing 900 ml purified water [20] . To avoid float the powder in the water, we retest dissolution test by apparatus type I, basket for raw and nano-ibuprofen, respectively.
At specific intervals, 0.5 ml aliquot of the dissolution medium was sampled (the pooled sample was replaced with a fresh purified water), filtered (pore size: 0.45 μm) and directly injected to the HPLC system and determine the amount of C 13 H 18 O 2 dissolved from UV absorbance of the sample solution, in comparison with a standard solution having a known concentration of ibuprofen raw drug at 221 nm.
RESULTS AND DISCUSSION
Preparation of Ibuprofen Nanoparticles
Ibuprofen nanoparticles were prepared by antisolvent precipitation method. For this technique, introduction of the drug solution to the antisolvent generates high supersaturation. This results in fast nucleation rate and produces a large number of nuclei, which reduces the solute mass for subsequent growth. Submicron nanoparticles can thus be obtained provided that the growth of nucleating crystals can be arrested by the stabilizer (surfactant or polymer) through steric or electrostatic mechanism [21] [22] [23] . For hydrophobic drugs like ibuprofen, water is most commonly used as the antisolvent. In terms of the solvent, it is beneficial if it can solubilize the drug in large amount and possesses a fast diffusion rate to the antisolvent water; while the stabilizer needs to have good affinity for drug particles and possess a fast diffusion rate and effective adsorption onto the drug particle surface in the water-solvent mixture [24] [25] [26] [27] [28] . The effect of SDS and TEA is studied on precipitated ibuprofen particle size. The supersaturated drug was injected to separate solutions of SDS and TEA in water with concentrations of 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 %w/v. The influence of stabilizers amount of SDS and TEA and other stabilizers such as polyvinyl pyrolidone (PVP), sodium lauryl sulfate (SLS), tween 80, on the precipitated ibuprofen particles size are shown in Fig. (1) .
Sodium dodecyl sulfate (SDS) is a general surfactant and its effect on precipitated ibuprofen particles is as steric effect and the latest particle size was obtained approximately 700 nm. While, by using the TEA as an emulsifier and a surfactant with electrostatic activity, the particle size was approximately 600 nm. The effect of simultaneous using of SDS and TEA in various ratios on the particles size is shown in Fig. (2) . The best results were obtained on (1:1) ratio of SDS and TEA, due to both staric and electrostatic activity of them. Therefore, SDS/TEA surfactant pair is a crucial way to obtain ibuprofen nanoparticles in 300-400 nm. 
Particle Size Distribution
The particle size of raw ibuprofen is determined between 90-425 micron (Fig. 3) , while the prepared nano-ibuprofen by solvent/antisolvent method shows a narrow particle size distribution at range 200-450 nm (Fig. 4) . The particles size of raw and nano-ibuprofen was measured by a nanoparticle size analyzer.
IR Spectra
Raw ibuprofen and precipitated nanoparticles exhibit same IR spectrum as shown in Fig. (5) , which demonstrates that the chemical structure of the drug is not changed before and after the decreasing of particles size.
DSC Analysis
The physical state of raw ibuprofen and drug nanoparticles was examined by DSC and their thermograms are shown in Fig. (6) . Raw ibuprofen exhibits a melting point at 76.20 o C, with fusion enthalpy of 127.72 J/g. After being precipitated as nanoparticles, its melting point and fusion enthalpy was decreased to 50.42 o C and 88.98 J/g, respectively, indicating reduced crystallinity.
SEM Scan
The SEM image and the particle size distribution of the ibuprofen nanoparticles that prepared by solvent/ antisolvent precipitation method, which was obtained from freshly formed nanosuspension, are shown in Figs. (7-a, and 7-b) . The morphology of ibuprofen nanoparticles was observed by scanning electron microscopy. SEM images show the size of the particles is in approximate 300-400 nm. Fig. (3) . The distribution of raw ibuprofen particles size. Fig. (4) . Particle size distribution of nano-ibuprofen.
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Assay and Chromatographic Impurities
The purity of precipitated nanoparticles calculated as BP 2010 and show that the precipitated nanoparticles are in highest purity of 99.2 ± 0.5 %. All the results from this calculation are sited in Table 1 . The impurities of nanoibuprofen are also studied by chromatography method. The mobile phase is prepared by water that adjusted with phosphoric acid to a pH of 2.5 and acetonitrile (680:1340). The sample solution is prepared with dissolution of 5 mg per ml of nano-ibuprofen in acetonitrile. The obtained HPLC spectrum is shown in Fig. (8) . Individual impurities are not seen more than 0.3% and sum of all individual impurities is not exceed 1.0%. After that the percentage of each impurity calculated by formula of 100(r i /r t ), in which r i is the response of an individual peak, other than the main ibuprofen peak, and r t is the sum of the responses of all the peaks. All the data from this analysis are sited on Table 2 . The GC chromatogram of nano-ibuprofen is not show of any impurity such as isopropyl alcohol and hence the nano-drug is completely separated from isopropyl alcohol solvent. Also the specific optical rotation of precipitated nano-ibuprofen shows that the optical rotation of precipitated nano-drug before and after the precipitation process is the same and it is about +1.34 at 589.0 nm.
Dissolution Test
Dissolution profile of raw ibuprofen and precipitated nanoparticles at room temperature are illustrated in Fig. (9) , respectively. The dissolution rate of ibuprofen nanoparticles is 2.33 times that of raw drugs. According to NoyesWhitney equation, the solid dissolution rate is directly proportional to its surface area exposed to the dissolution medium. The accelerated dissolution for ibuprofen nanoparticles could thus be mainly ascribed to their greater surface area (5.6-9.3 m 2 /g) in comparison with raw drug (0.11-0.45 m 2 /g). This indicates that the acceleration of drug dissolution for nanoparticles occurs mostly in the first 30 min, after that, the dissolution has no significant difference from raw drugs.
CONCLUSION
Solvent/ antisolvent precipitation technique was employed to produce nanoparticles of ibuprofen, a poorly water-soluble drug, for the enhancement of solubility and dissolution rate. For this technique, the high supersaturated drug solution was prepared in isopropyl alcohol and purified Fig. (9) . Dissolution profile of raw ibuprofen and drug nanoibuprofen in purified water as media.
water is used as the antisolvent. The sodium dodecyl sulfate and tri-ethanolamine as two stabilizers are used to prepare nanoparticles with size of 200-400 nm. The purity of prepared nanoparticles was 99.2 ± 0.5 %. The acceleration of drug dissolution for nanoparticles occurs mostly in the first 30 min and is 2.33 times of raw drug. The chemical structure of ibuprofen is not show any change with decreasing of particles size. The specific optical rotation of nano-ibuprofen shows that the optical rotation of drug before and after the precipitation method is the same and it is about +1.34 at 589.0 nm sodium light. Antisolvent precipitation can thus be a simple and effective approach to produce nanoparticles of poor water soluble drugs.
